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bstract
acial palsy is a severe condition that may be ameliorated by facial reanimation, but there is no consensus about how to judge its success.
n this study we aimed to test a new method for assessing facial movements based on 3-dimensional analysis of the facial surfaces. Eleven
atients aged between 42 and 77 years who had recently been affected by facial palsy (onset between 6 and 18 months) were treated by an
peration based on triple innervation: the masseteric to temporofacial nerve branch, 30% of the hypoglossal fibres to the cervicofacial nerve
ranch, and the contralateral facial nerve through two cross-face sural nerve grafts. Each patient had five stereophotogrammetric scans: at rest,
miling on the healthy side (facial stimulus), biting (masseteric stimulus), moving the tongue (hypoglossal stimulus), and corner-of-the-mouth
mile (Mona Lisa). Each scan was superimposed onto the facial model of the “rest” position, and the point-to-point root mean square (RMS)
alue was automatically calculated on both the paralysed and the healthy side, together with an index of asymmetry. One-way and two-way
NOVA tests, respectively, were applied to verify the significance of possible differences in the RMS and asymmetry index according to the
ype of stimulus (p = 0.0329) and side (p < 0.0001). RMS differed significantly according to side between the facial stimulus and the masseteric
ne on the paralysed side (p = 0.0316). Facial stimulus evoked the most asymmetrical movement, whereas the masseteric produced the most
ymmetrical expression. The method can be used for assessing facial movements after facial reanimation.
 2017 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
superim
aeywords: facial palsy; facial reanimation; stereophotogrammetry; 3D-3D 
ntroductionacial palsy is a severe condition that has several causes
nd may be a complication or expected outcome of specific
perations on the cranial base and brain.1
∗ Corresponding author. Tel.: +39 0250315385, fax: +39 0250315387.
E-mail address: chiarella.sforza@unimi.it (C. Sforza).
s
r
t
s
w
–
ttps://doi.org/10.1016/j.bjoms.2017.11.015
266-4356/© 2017 The British Association of Oral and Maxillofacial Surgeons. Puposition
Facial paralysis greatly affects the quality of life of
ffected patients, both clinically and socially.2,3 At present,
urgical facial reanimation is based on providing a new neu-
al stimulus, and the hypoglossal and masseteric nerves are
he most commonly used.4,5 The masseteric nerve, and less
o the hypoglossus, partially change their function (smiling
ithout clenching the teeth) – so called cerebral adaptation6
 though their original function still provides the maximal
blished by Elsevier Ltd. All rights reserved.
4 al and 
s
w
m
o
o
n
m
g
s
d
a
B
q
a
e
t
g
d
o
a
d
r
f
t
o
p
a
(
o
t
a
r
s
r
i
u
P
D
(
c
T
a
a
A
o
t
s
s
e
d
c
c
a
H
a
f
e
s
I
t
w
a
i
m
t
t
t
h
o
T
C
S
F
M
M
F
M
M
F
F
F
F
F C. Sforza et al. / British Journal of Or
timulus: smiling plus clenching the teeth or pushing
ith the tongue against lower incisors leads to a wider
ovement.
This type of smile is seldom spontaneous, however, as
nly the facial nerve can be activated by emotions.1 Often
ne or more branches of the contralateral healthy facial
erve can therefore be used to evoke a “qualitative” improve-
ent of facial expression through the “cross-face” nerve
rafts.7
Surprisingly at present there is no method that is the “gold
tandard” for assessing the restored facial functions.2 Tra-
itional methods for verifying the improvement of facial
ctivity are clinical classifications such as the House-
rackmann scale,8 which is easy to use but provides only
ualitative evaluations and is observer-dependent.9,10 An
ttempt to introduce a world-wide assessment method is the
-FACE evaluation proposed by the Harvard facial paralysis
eam.11 It is being adopted by many other teams, and has the
reat merit of permitting comparisons between units – the
raw-back is still the lack of objectivity because it is based
n observers’ evaluations.
With time and the introduction of modern 3-dimensional
cquisition of images and elaboration systems, proce-
ures in the sensitive field of facial palsy have been
eported, through the 3-dimensional analysis of patients’
aces.2,12,13 However, existing studies have so far analysed
he facial movements almost only through the dislocation
f landmarks, which has limited the evaluation to selected
oints. However, now the 3-dimensional analysis of faces
llows research workers to make more detailed analyses
for example, through the recording and superimposition
f 3-dimensional facial models and calculation of point-
o-point distances between all the facial surfaces). This
pproach has already been reported in different types of
esearch.14,15
In this study we report a new method for assessing the
uccess of facial reanimation surgery through 3-dimensional
ecording and superimposition; the results may enable clin-
cians to develop new objective and quantitative methods
seful in maxillofacial surgical practice.
r
f
s
able 1
linical data of the 11 patients selected for the study. The preoperative House–Brac
ex Age
(years)
Diagnosis Time between lesi
operation (months
emale 60 Acoustic neurinoma 14 
ale 49 Acoustic neurinoma 10 
ale 69 Acoustic neurinoma 13 
emale 52 Acoustic neurinoma 13 
ale 59 Acoustic neurinoma 6 
ale 77 Acoustic neurinoma 8 
emale 53 Car accident 18 
emale 43 Acoustic neurinoma 10 
emale 68 Acoustic neurinoma 10 
emale 42 Acoustic neurinoma 13 
emale 68 Neoformation of the petrous
portion of temporal bone
10 Maxillofacial Surgery 56 (2018) 3–7
atients  and  methods
ata were collected for 11 subjects (mean (range) age 58
42–77) years) who had unilateral facial palsy, in most of
ases following excision of an acoustic neurinoma (Table 1).
he mean (SD) time between the facial nerve being affected
nd the operation was 11 (3) months, while between operation
nd 3-dimensional analysis it was 24 months (10) months.
ll patients were treated between 2013 and 2016 by a single
peration based on triple innervation: end-to-end masseteric
o temporofacial branch neurorrhaphy, side-to-end hypoglos-
us to cervicofacial branch neurorrhaphy, and two cross-face
ural nerve grafts (end-to-end at the proximal coaptation and
nd-to-side at the distal one).
Before data were collected, all patients were given a
etailed description of the procedure and signed an informed
onsent form that had previously been approved by the ethics
ommittee of the University of Milan Medical School in
ccordance with the standards of the 1964 Declaration of
elsinki. No procedure was invasive, dangerous or painful,
nd involved minimal discomfort.
A series of 50 reference points were marked on each
ace according to a set of landmarks already described
lsewhere.16,17 Each patients face was scanned five times by
tereophotogrammetry (VECTRA-3D®: Canfield Scientific,
nc., Fairfield, NJ). The first scan was taken in the “rest” posi-
ion, and then scans were taken during a posed “smile” that
as evoked by the three functional manoeuvres recognised
s stimuli for the corresponding nervous connections (smil-
ng on the healthy side for the cross-face procedure, biting for
asseteric neurorrhaphy, and pushing with the tongue against
he lower incisors for hypoglossal neurorrhaphy). Finally,
hey were requested to produce the most natural corner-of-
he-mouth smile (Mona Lisa) using all the strategies that they
ad learned.
The 3-dimensional reconstructions of the smiling face
btained through the four different smiling manoeuvres were
ecorded on the corresponding neutral one for a total of
our superimpositions for each subject. To construct a proper
uperimposition, a facial area of interest was segmented in
kmann score was six for all patients.
on and
)
Time between operation
and 3D analysis (months)
Postoperative
House–Brackmann score
15 2
14 3
43 3
29 2
22 2
23 2
13 3
19 2
14 2
32 2
35 3
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Fig. 1. Steps of 3-dimensional superimposition: A) 3-dimensional facial model of the patient at rest. B) 3-dimensional model of the patient (with Mona Lisa
o  point-t
b rominen
a ost gre
e
i
p
r
t
m
p
e
m
m
h
mr “corner-of-the-mouth” smile). C) Superimposition according to the least
etween the two models: green areas are unchanged, blue areas are more p
nd yellow areas. In this case the right side is the paralysed one and shows m
ach model.18 The area of interest was automatically super-
mposed by the software to reach the least distance between
oints of the entire surfaces (Fig. 1).
After the recording between the two surfaces had been
eached, the facial models were further segmented to divide
he right from the left side according to seven midline land-arks: (trichion, sellion, pronasale, subnasale, sublabiale,
ogonion, menton).
t
so-point distance between the two models. D) Chromatic map of distances
t in the smiling model than in the rest position, and vice versa for the red
en colouration.
We then used the Mirror® Vectra software (Canfield Sci-
ntific, Inc., Fairfield, NJ) to calculate the point-to-point root
ean square (RMS) value between the neutral expression
odel and the different types of smile on the paralysed and
ealthy sides, separately. In addition, we extracted an asym-
etry index from the RMS values, as the absolute value ofhe following formula: (RMS healthy side −  RMS paralysed
ide)*100/RMS healthy side.
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The entire procedure from segmentation of the areas of
nterest to the calculation of the RMS values was repeated
or 24 superimpositions by the same operator and by another
bserver to verify intraoperator and interoperator error,
espectively, using the Bland–Altman test.
The Jarque–Bera test and Bartlett test were used to ver-
fy the normal distribution and homoscedasticity of RMS
alues and of the asymmetry index, respectively. Both tests
ere done using Matlab® software. When RMS data did not
ass the Jarque–Bera or Bartlett test, the natural logarithm
f the RMS value and asymmetry index was used for the
nalyses, after having verified the normal distribution and
omoscedasticity of the transformed data.
Results were then analysed using a two-way ANOVA to
erify significant differences between RMS values according
o the side, type of stimulus, and their interaction. Proba-
ilities of less than 0.05 were accepted as significant. For
oth tests, post-hoc comparisons were made separately for
he paralysed and healthy side using a one-way ANOVA.
Symmetry indices were analysed through one-way
NOVA to assess the significance of differences according
o the type of stimulus, and post-hoc tests were done when
ppropriate.
esults
he extraction of RMS values showed intraobserver and
nterobserver repeatability of 97%.
Results are shown in Table 2. On the healthy side of the
ace, cross-face stimulus (smiling on the healthy side) and
asseteric stimulus (biting) reached the highest RMS values.
he same variables were lower on the paralysed side than on
he healthy one: the masseteric stimulus reached the highest
MS distance relative to the rest position, followed by the
ypoglossal one. The Mona Lisa smile reached intermediate
cores for both the healthy and paralysed sides.
RMS values in the eight groups followed a normal distri-
ution but did not have similar variances; on the other side, the
atural logarithm of RMS values showed that they were nor-
ally distributed and had similar variances, so we applied the
tatistical analyses using the ANOVA to the natural logarithm
f RMS value (logeRMS).
Significant differences were found according to side (F:
0.91; p = <0.0001; df: 1;80) and type of stimulus (F: 3.06;
 = 0.0329; df: 3;80). Side x stimulus interaction did not reach
g
p
t
able 2
oot mean square values for the healthy and paralysed sides, and asymmetry index
Facial cross-face
stimulus
Hypoglossal
stimulus
ealthy side (mm) 1.38 (0.63) 0.82 (0.44) 
aralysed side (mm) 0.54 (0.24) 0.67 (0.31) 
symmetry index (%) 62 (28) 42 (25) Maxillofacial Surgery 56 (2018) 3–7
ignificance (F: 2.2; p = 0.0945; df: 3;80). On the healthy
ide, post-hoc testing failed to verify significant differences
ccording to type of stimulus (F: 2.2; p = 0.1030; df: 3;40).
n the other side, significant differences were found between
he facial and masseteric stimulus on the paralysed side (F:
.25; p = 0.0316; df: 3;40).
The highest asymmetry index was shown by the facial
ross-face stimulus, whereas the masseteric stimulus proved
o evoke the most symmetrical movements of the face. The
symmetry index was normally distributed and homogenous
ccording to variance. Significant differences were found
ccording to the type of stimulus (F: 3.64; P: 0.0237; df:
;30), although on post hoc testing there were differences
nly between the facial and masseteric stimuli.
iscussion
acial palsy has obvious physical consequences in the form
f oral incompetence and corneal lesions, and the asymmetry
nd distortion of face often lead to social isolation.1,3,4 Facial
eanimation has proved to be an option to minimise the effects
f the facial palsy, but we still do not have a universally agreed
uantitative method for the assessment of facial movements.
xisting clinical scales are qualitative, subjective, and do not
uantify the facial modifications evoked by different stimuli,
lthough they can promote comparisons between centres (e-
ACE).12
The introduction of modern 3-dimensional acquisition
nd elaboration systems has enabled research workers to
mprove analyses of facial movement, as shown by Popat et al
ho used a stereophotogrammetric motion analyser.19,20 The
ain limitation of this method is that it restricts the kind of
ovements that can be analysed.19,20 A similar method was
lso used by Okada through laser scanning.21
We have developed a method for the quantitative
ssessment of facial mimicry based on the 3-dimensional
isplacement of landmarks detected by an instrument that
aptures motion,2,22 and the protocol has proved to be
epeatable.23 Unfortunately, the instrument is not widely
sed, and it is unlikely that its use will become widespread.24
ndeed, we have also recently devised a 2-dimensional photo-
raphic method to quantify the success of facial rehabilitation
rocedures,25 and this paper is a further step in that direction.
To our knowledge this is the first study that has applied
he modern procedures of 3-dimensional facial recording
 for all the four elicited stimuli. Values are mean (SD).
Masseteric
stimulus
Corner-of-the-mouth
smile
1.31 (0.46) 1.13 (0.53)
0.95 (0.49) 0.59 (0.14)
30 (22) 41 (20)
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three-dimensional motion analyzer. J Craniofac Surg 2014;25:e65–70.C. Sforza et al. / British Journal of Or
nd superimposition to patients affected by facial palsy:
he proposed protocol is easily repeatable, contactless, and
on-invasive with clear advantages in comparison with
lectromyography, which is usually used to assess facial
ovements.
Interestingly, our results confirm the common opin-
on about the three different reported surgical techniques:
ross-face intervention is unable to produce important
acial movements, being a “qualitative” nervous connec-
ion, whereas the masseteric one provides the widest facial
odifications.1
The highest facial asymmetry is reached by the facial
ross-face stimulus, as it evokes the movement of the healthy
ide, whereas the paralysed one is minimally stimulated. On
he other side, the masseteric one creates the most symmetri-
al expression. The Mona Lisa smile reached intermediate
evels of both facial movement and asymmetry. After the
peration, patients soon learn that the most “natural” smile
an be reached through a limited activation of muscles on the
ealthy side (reducing the pulling effect on the paretic side),
hich increases the symmetry of the expression.1,2
In conclusion, this study describes a new, highly repeat-
ble method for assessing facial movements in patients
reated by facial reanimation. It may be useful not only for
ssessing the success of surgical treatment, but also as a test
or the progressive training of patients during the follow-up
hase.
thics  statement/conﬁrmation  of  patients’  permission
efore data were collected, we gave a detailed description
f the procedure to all patients, who signed an informed
onsent form previously approved by the ethics committee
f the University of Milan in accordance with the standards
f the Declaration of Helsinki. No procedure was invasive,
angerous, or painful, and involved minimal discomfort.
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